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BACKGROUND OF THE INVENTION 
1. Cross -Reference to Related Appl ication 



The present application claims benefit of U.S. 
Provisional Application No. 6 0/173,82 9, filed December 30, 
1999. 

2 . Field of the Invention 

The present invention relates to a control circuit for 
driving a transducer that is coupled to a mechanical 
cutting element. 

3 . Prior Art 

The lens of a human eye may develop a cataracteous 
condition which affects a patients vision. Cataracteous 
lenses are sometimes removed and replaced in a procedure 
commonly referred to as phacoemulsification. Phaco 
procedures are typically performed with an ultrasonically 
driven handpiece which is used to break the lens. The 
broken lens is removed through an aspiration line that is 
coupled to the handpiece. 

The handpiece has a tip which is inserted through an 
incision in the cornea. The handpiece typically contains a 
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number of ultrasonic transducers that convert electrical 
power into a mechanical oscillating movement of the tip. 
The distal end of the tip has an opening which is in fluid 
communication with the aspiration line. The oscillating 
5 movement of the tip will break the lens into small pieces 
that are then drawn into the aspiration line through the 
tip opening. 

The handpiece is typically connected to a console that 
contains a power supply. The power supply provides a 

10 driving signal that drives the ultrasonic transducers. To 
obtain a maximum response from the ultrasonic transducers, 
the frequency of the driving signal is typically at, or 
close to, the natural frequency of the transducers. A 
driving signal at the natural frequency will cause the 

15 transducers to operate in a resonant mode. 

It has been found that an ultrasonically driven tip 
will generate heat which may burn or otherwise denature the 
corneal tissue. The denatured tissue may affect the 
patients vision. Additionally, the oscillating tip creates 

2 0 turbulence in the surrounding fluid. The turbulent fluid 
can make it difficult to view the end of the tip and 
increase the difficulty of performing the procedure. It 
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would be desirable to provide an ultrasonically driven 
handpiece that can cut tissue but does not generate a 
significant amount of heat. It would also be desirable 
provide a phaco handpiece that does not create a relati 
large amount of turbulence during operation. 
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BRIEF SUMMARY OF THE INVENTION 
One embodiment of the present invention is a control 
circuit that provides a driving signal to a transducer 
coupled to a mechanical cutting element. The transducer 
capable of operating in a resonant mode. The driving 
signal contains a plurality of pulses provided in a time 
interval that does not cause the transducer to operate in 
the resonant mode . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an illustration of an embodiment of a 

tissue cutting system of the present invention; 

Figure 2 is a schematic of a control circuit of the 

system; 

Figure 3 is a graph showing a driving signal provided 
by the control circuit; and, 

Figure 4 is schematic of an alternate embodiment of a 
tissue cutting system. 
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DETAILED DESCRIPTION OF THE PREFERRE D EMBODIMENT 
In general the present invention provides a control 
circuit that provides a driving signal to a transducer that 
is coupled to a mechanical cutting element. The driving 
5 signal has a waveform such that the mechanical cutting 
element can cut tissue without generating heat. The 
driving signal contains packets of pulses separated by 
pauses. Each packet will have a time duration that does 
not induce a resonant mode of operation for the transducer. 
10 The packets do have enough energy to move the cutting 

element and cut tissue. It has been found that the short 
duration of pulses will cut tissue without generating any 
significant amount of heat at the cutting site. 
Additionally, when used in a fluid environment such as a 
15 phaco procedure it was found that the cutting element did 
not create as much fluid turbulence than devices of the 
prior art. The reduction in turbulence improves visibility 
for the surgeon performing the procedure. 

Referring to the drawings more particularly by 
2 0 reference numbers, Figure 1 shows an embodiment of an 
ultrasonic tissue cutting system 10 of the present 
invention. The system 10 may include an ultrasonically 
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driven handpiece which has a tip 14 that can be inserted 
into a cornea 16. The tip 14 may also be referred to as a 
cutting element. The handpiece 12 may include one or more 
ultrasonic transducers 18 that convert electrical power 
5 into mechanical movement of the tip 14 . The handpiece 12 
is typically held by a surgeon who performs a surgical 
procedure with the system 10. By way of example, the 
system 10 can be used to perform a phacoemulsification 
procedure to break and aspirate a lens of the cornea 16. 

10 The handpiece 12 is coupled to a pump 2 0 by an 

aspiration line 22. The pump 20 creates a vacuum pressure 
within the aspiration line 22. The aspiration line 22 is 
in fluid communication with an inner channel 24 and opening 
26 in the tip 14. The vacuum pressure within the line 22 

15 can aspirate matter from the cornea 16 . 

The system 10 may include a control circuit 2 8 that 
provides a driving signal to the transducers 18 . The 
control circuit 2 8 may be located within a console 3 0 that 
is connected the handpiece 12. The console 30 may have 

20 input knobs or buttons 32 that allow the surgeon to vary 

different parameters of the system 10. The console 30 may 
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also have a readout display 34 that provides an indication 
of the power level, etc. of the system 10. 

Figure 2 shows an embodiment of a control circuit 28. 
The control circuit 28 may include a microprocessor 36 that 
defines the driving signal provided to the transducers 18. 
The driving signal may be defined in accordance with a 
software and/or firmware of the system. The processor 36 
may be connected to, or contain, memory 38 which contains 
instructions and data used to perform software to define 
the driving signal and operate the system 10. Although a 
microprocessor 3 6 is shown and described, it is to be 
understood that other elements, circuits or devices may be 
used to generate the driving signal . 

The processor 3 6 may be connected to, or contain, a 
digital to analog (D/A) converter 40. The D/A converter 40 
converts digital bits strings provided by the processor 36 
to an analog signal. The D/A converter 40 may be connected 
to a voltage controlled oscillator (VCO) 42 that converts 
the analog signal to a driving signal. The frequency of 
the driving signal is dependent upon the amplitude of the 
analog signal provided from the D/A converter 40. The 
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driving signal may be amplified by an amplifier 44 before 

being provided to the transducers 18. 

The transducers 18 have a natural frequency. 

Additionally, the transducers 18 are capable of operating 
5 in a resonant mode to provide a maximum output . The 

handpiece 12 may also include a horn (not shown) that 

mechanically amplifies the output of the transducers 18. 

Figure 3 shows an example of a driving signal provided 

to the transducers. The driving signal may include packets 
10 of pulses separated by pauses. Each packet may have a 

duration short enough so that the transducers 18 do not 

enter a resonant mode of operation. The pulses still have 

enough energy to induce functional movement of the tip 14. 

The pauses should be of a duration to avoid resonant 
15 operation and the generation of a significant amount of 

heat . 

For phaco handpieces with ultrasonically driven 
piezoelectric transducers it was found that a packet 
duration between 0.5-5.0 milliseconds allows the tip to 
2 0 effectively cut tissue without generating a significant 
amount of heat at the cutting site. Additionally; it was 
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found that a pause duration between 5-50 milliseconds 

provided satisfactory results. 

When a phaco handpiece was tested using the above 

ranges, it was found that the temperature at the cutting 
5 site did not rise above 45 °C. The best results occurred 

with a packet duration of 0.5 milliseconds and a pause 

duration of 3.5 seconds for a repetition frequency of 250 

hertz (Hz) . Because the transducers 18 do not resonate, 
O the effective oscillation frequency of the transducers 18 
WlO and accompanying tip 14 is equal to the repetition 

frequency. 

q It is desirable to provide a pulse frequency that is 

C3 the same or close to the natural frequency of the 
! ":: transducers. For example, for transducers with a natural 
p: 15 frequency of 20 KHz, it was found that a pulse frequency of 
22 KHz provided satisfactory results. In general it has 
been found that providing short packets of pulses that do 
not induce resonance in the transducers provides a cutting 
tool that can cut tissue without generating a significant 
2 0 amount of heat. 

While certain exemplary embodiments have been described 
and shown in the accompanying drawings, it is to be 
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understood that such embodiments are merely illustrative of 
and not restrictive on the broad invention, and that this 
invention not be limited to the specific constructions and 
arrangements shown and described, since various other 
5 modifications may occur to those ordinarily skilled in the 
art . 

For example, Figure 4 shows the present invention 
implemented into a microkeratome 50. The microkeratome 50 
is typically used to cut a flap in the cornea to perform a 

10 LAS IK procedure. LAS IK procedures can correct vision by 
ablating corneal tissue with a laser. 

The microkeratome 5 0 includes a blade 52 that is 
mounted to a blade holder 54. The blade holder 54 is 
coupled to a motor 56 that can move the blade 52 across a 

15 cornea. The blade 52 may also be connected to transducers 
58 that are connected to a control circuit 60. The control 
circuit 6 0 may provide a driving signal that causes the 
blade 52 to move in an oscillating manner. The oscillating 
motion of the blade 52 will cut tissue while the motor 56 

20 moves the blade across a cornea. The driving signal may be 
the same or similar to the signal described above and shown 
in Fig. 3. Such a driving signal will allow the blade 52 
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to cut without generating heat within the tissue. The 
generation of heat may denature the cornea and affect the 

patients vision. 

Additionally, the control circuit and resultant driving 
signal can be used to drive other tissue cutting devices. 
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CLAIMS 



What is claimed is: 

1 1. A circuit that is coupled to a transducer that can 

2 drive a cutting element, wherein the transducer has a 

3 natural frequency and can operate in a resonant mode, 

4 comprising: 

5 a control circuit adapted to provide a driving signal 

6 to the transducer, said driving signal including a 

7 plurality of pulses provided in a time duration that does 

8 not induce the transducer to operate in the resonant mode. 



1 2. The circuit of claim 1, wherein said pulses are 

2 provided in a plurality of packets that are separated by 

3 pauses . 

1 3. The circuit of claim 1, wherein said pulses have a 

2 frequency approximately at the natural frequency of the 

3 cutting element. 

1 4. The circuit of claim 2, wherein each packet has a 

2 time duration between 0.5 and 5 milliseconds. 
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1 5. The circuit of claim 2, wherein each pause has a 

2 time duration that prevents a generation of a significant 

3 amount of heat by the cutting element. 

1 6, A tissue cutting device, comprising; 

2 a cutting element; 

3 a transducer that moves said cutting element , said 

4 transducer having a natural frequency and can operate in a 

5 resonant mode; 

6 a control circuit that provides a driving signal to 



7 said transducer, said driving signal including a plurality 

8 of pulses provided in a time duration that does not induce 

9 said transducer to operate in the resonant mode. 

1 7. The device of claim 6, wherein said pulses are 

2 provided in a plurality of packets that are separated by 

3 pauses . 

1 8, The device of claim 6, wherein said pulses have a 

2 frequency approximately at the natural frequency of the 

3 driving element . 
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9. The device of claim 7, wherein each packet has a 
time duration between 0.5 and 5 milliseconds. 



1 10. The device of claim 6, wherein the resonant mode 

2 is in an ultrasonic frequency range. 

1 11. The device of claim 6, wherein said cutting 

2 element is a tip. 

1 12. The device of claim 7, wherein each pause has a 

2 time duration that prevents a generation of a significant 

3 amount of heat by the cutting element. 

1 13 . A method for driving transducer that moves a 

2 cutting element, wherein the transducer has a natural 

3 frequency and can operate in a resonant mode, comprising: 

4 transmitting a driving signal to the transducer, said 

5 driving signal including a plurality of pulses provided in 

6 a time duration that does not induce said transducer to 

7 operate in the resonant mode. 
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1 14. The method of claim 13, wherein the pulses are 

2 provided in a plurality of packets each separated by a 

3 pause. 

1 15. The method of claim 14, wherein the pulses are at 

2 a frequency at approximately the natural frequency of the 

3 transducer. 

1 16. The method of claim 14, wherein each pause is of a 

2 duration to prevent a significant generation of heat by the 

3 cutting element. 
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ABSTRACT 

A control circuit that provides a driving signal to a 
transducer coupled to a mechanical cutting element. The 
transducer is capable of operating in a resonant mode. The 
driving signal contains a plurality of pulses provided in a 
time interval that does not cause the transducer to operate 
in the resonant mode. 
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